BEST AVAILABLE COPY 

REMARKS 

Applicants are amending independent Claims 43, 49, 79, 85, 91, 97 103 and 109 to 
correct an informality in the claims. This amendment is not in response to a patentability 
rejection. 

Applicants will now address both the Office Action and Examiner's interview summary. 

In the Office Action of September 9 5 2004, the Examiner had only one rejection of the 
claims. During the interview of November 18, 2004, the undersigned discussed the below listed 
arguments with the Examiner, The Examiner agreed that Applicants had overcome this 
rejection. The Examiner, however, issued a new rejection which is discussed infra. Applicants 
are repeating herewith their arguments in response to the rejection in the September 9, 2004 
Office Action so as to overcome and remove that rejection. 

September 9. 2004 Office Action 

Claim Rejections - 35 USC §103 

In the Office Action, the Examiner rejects Claims 43-54 and 79-112 under 35 USC 
§ 103(a) as being unpatentable over Balasubramanvam et al. in view of Hwang et al. This 
rejection is also respectfully traversed. 

More specifically, the independent claims of the present application each recite that a 
bottom surface of the first conductive layer is in contact with the gate insulating film. 

The Examiner contends that Balasubramanvam teaches a gate electrode 22, 24 adjacent 
to the gate oxide 18 with a gate insulating layer 20 interposed therebetween. The Examiner 
further contends that the gate electrode has a first conductive layer 22 comprising 
tungsten/nitride and a second conductive layer 24 comprising tungsten on the first conductive 
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layer. The Examiner then contends that the reference discloses the bottom surface of the first 
conductive layer 22 being in contact with the gate insulating layer 20 (and cites Fig. 8 of the 
reference in support thereof). 

Applicants respectfully disagree. Balasubramanyam describes layer 20 as a doped 
polysilicon layer (see col. 5, Ins. 34-36). Further, the doped polysilicon in the reference has a 
conductive property because it includes one conductivity type impurity. Furthermore, in Column 
1, line 17 to 20 of Balasubramanyam , it is disclosed that the patterned N+ doped polysilicon and 
WSi x layers comprise the gate conductor (GC) in the gate electrode stack. The reference is 
consistent throughout that the doped polysilicon is part of the gate electrode stack and is not the 
gate oxide or a gate insulating layer. See e.g. Balasubramanyam - col. 2, Ins. 4-7 ("polysilicon 
gate electrode stack" distinguished from "gate oxide"), Ins. 65-67 (distinguishing polysilicon 
layer from gate oxide); col. 3, Ins. 23-34 (discussing a "polysilicon/gate oxide interface"); col. 6, 
Ins. 25-42 (discussing the gate electrode stack as including layers 20, 22 and 24); claim 1 
(defining the gate electrode as being above the gate oxide and comprising a doped polysilicon 
layer on the gate oxide layer). This is further evidence that the N+ doped polisilicon 20 is a 
conductive material which is part of the gate electrode stack and not the gate insulating layer. 

Therefore, it is clear that layer 20 in Balasubramanyam is part of the electrode and not a 
gate insulating layer. It is well established that an electrode can be made of polysilicon. See e.g. 
"Microelectronics", Scientific American , p. 50 (1977). 1 

Hence, layer 20 is not the gate insulating layer, and Balasubramanyam does not disclose 
or suggest the claimed limitation that a bottom surface of the first conductive layer (which is 



^See also 6 th McGraw-Hill Electronics Dictionary 0997) definition of electrode which does not 
require the electrode to be made of metal). A copy of each of these cites is attached herewith. 
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defined in the claims as comprising nitride) is in contact with the gate insulating film. 
Accordingly, it is respectfully requested that this rejection be withdrawn. 

November 18, 2004 Interview 

During the interview of November 18, 2004, the Examiner raised the possibility of a 
rejection of Claims 43-54 and 79-112 under 35 USC §103(a) as being unpatentable over 
Balasubramanvam et al. in view of Yamazaki et al. (US 6,362,027). 3 This rejection is also 
respectfully traversed. 

More specifically, it is respectfully submitted that this rejection is not proper. The 
independent claims in the present application recite: 

said gate electrode comprises a first conductive layer comprising nitride 
and a second conductive layer comprising tungsten on said first conductive layer, 

wherein a bottom surface of said first conductive layer is in contact with 
the gate insulating film, 

The Examiner appears to be proposing that it would have been obvious for one skilled in 
the art to take the structure in Balasubramanvam and insert therein a gate insulating film from 
Yamazaki '027 . However, to arrive at the claimed invention (which has the first conductive layer 
of nitride in contact with the gate insulating layer), one would have to insert the gate insulating 
film of Yamazaki '027 between layers 20 and 24 in Balasubramanvam . However, there is simply 
no reason one skilled in the art would want to do this. Such an modification would require 
inserting a gate insulating layer between electrodes in a gate electrode stack. This makes no 
sense. 



2 Hwang is not cited for nor does it disclose or suggest this feature. 

3 It is not clear if this rejection is still in view of Hwang et al. However, for purposes of this 
amendment, whether that reference is cited or not is irrelevant. 
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Under MPEP §2143.01, there must be some motivation to combine references. 
References cannot be combined if there is no motivation to combine the references. 

It is respectfully submitted that no such motivation exists herein. In fact, this proposed 
modification would seem to render the combined structure unsatisfactory for its intended purpose 
as a gate electrode stack by introducing a gate insulating layer between the conductive layers. 
Such a modification is prohibited under MPEP 2143.01. 

Instead, the proposed modification appears to based on hindsight reconstruction wherein 
pieces of various references are picked, while ignoring other parts of the references, to arrive at 
the claimed invention (using the claims as a blue-print to do so). This is improper, and the 
rejection based thereon should be withdrawn. 

Accordingly, it is respectfully requested that this rejection be withdrawn. 

Information Disclosure Statement 

Applicants are enclosing herewith an Information Disclosure Statement (IDS). It is 
respectfully requested that this IDS be entered and considered prior to the issuance of any further 
action for this application. 

Conclusion 

For at least the above-stated reasons, the claims of the present application are patentable 
over the cited references and should be allowed. 

If the Examiner disagrees with Applicants or has any further rejections, it is requested 
that she call the undersigned to discuss. 
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If any further fee should be due for this amendment, please charge our deposit account 



Favorable reconsideration is earnestly solicited. 



COOK, ALEX, McFARRON, MANZO, 
CUMMINGS & MEHLER, Ltd. 
200 West Adams Street, Suite 2850 
Chicago, Illinois 60606 
(312) 236-8500 

Customer No. 000026568 



50/1039. 



Respectfully submitted, 
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The Cover 

The photograph on the cover symbolizes the theme of this issue of 
Scientific American: microelectronics, the art of putting complex 
electronic circuits on "chips" of silicon roughly a quarter of an inch 
square. The blue area in the center of the photograph is a single chip, 
a high-speed current-mode logic integrated circuit made by Texas 
Instruments Incorporated for a Honeywell Information Systems 
computer. Arrayed around the chip are 40 leads that connect it with its 
external environment. The leads are made of tin-plated copper. They are 
connected by an automatic process in which they are bonded by heat and 
compression to gold bumps plated at edge of the chip. The photograph 
was made by Fritz Goro in the Laboratory for Applied Microscopy 
of E. Leitz. Inc. 
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trolling the depth to which impurities 
diffuse are time and temperature. For 
example, a layer of phosphorus one mi- 
crometer deep can be diffused in about 
an hour at 1,100 degrees. 

To achieve maximum control most 
diffusions are performed in two steps. 
The predeposit. or first, step takes place 
in a furnace whose temperature is select- 
ed to achieve the best control of the 
amount of impurity introduced. The 
temperature determines the solubility of 
the dopant in the silicon, just as the tem- 
perature of warm water determines the 
solubility of an impurity such as salt. 
After a comparatively short predeposit 
treatment the wafer is placed in a second 
furnace, usually at a higher tempera- 
ture. This second heat treatment, the 
"diffusion drive-in" step, is selected to 
achieve the desired depth of diffusion. 

In the formation of pn junctions by 
solid-state diffusion the impurities dif- 
fuse laterally under the oxide mask 
about the same distance as the depth of 
the junction. The edge of the pn junction 
is therefore protected by a layer of sili- 
con dioxide. This is an important fea- 
ture of the technique, because silicon di- 
oxide is a nearly ideal insulator, and 
many of the electronic devices will not 
tolerate any leakage at the edge of the 
junction. 

Another selective doping process, ion 
implantation, has been developed as 
a means of introducing impurities at 
room temperature. The dopant atoms 
are ionized (stripped of one or more of 
their electrons) and are accelerated to a 
high energy by passing them through a 
potential difference of tens of thousands 
of volts. At the end of their path they 
strike the silicon wafer and are embed- 
ded at various depths depending on their 
mass and their energy. The wafer can be 
selectively masked against the ions ei- 
ther by a patterned oxide layer, as in 
conventional diffusion, or by a photo- 
resist pattern. For example, phosphorus 
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ions accelerated through a potential of 
100,000 volts will penetrate the photo- 
resist to a depth of less than half a mi- 
crometer. Wherever they strike bare sili- 
con they penetrate to an average depth 
of a tenth of a micrometer. Thus even a 
one-micrometer layer of photoresist can 
serve as a mask for the selective implan- 
tation of phosphorus. 

As the accelerated ions plow their 
way into the silicon crystal they cause 
considerable damage to the crystal lat- 
tice. It is possible to heal most of the 
damage, however, by annealing the 
crystal at a moderate temperature. Lit- 
tle diffusion takes place at the annealing 
temperature, so that the ion-implanta- 
tion conditions can be chosen to obtain 
the desired distribution. For example, 
a very shallow, high concentration of 
dopant can be conveniently achieved by 
ion implantation. A more significant 
feature of the technique is the possibility 
of accurately controlling the concentra- 
tion of the dopant. The ions bombarding 
the crystal each carry a charge, and by 
measuring the total charge that accumu- 
lates the number of impurities can be 
precisely determined. Hence ion im- 
plantation is used whenever the dop- 
ing level must be very accurately con- 
trolled. Often ion implantation simply 
replaces the predeposit step of a diffu- 
sion process. Ion implantation is also 
used to introduce impurities that are dif- 
ficult to predeposit from a high-temper- 
ature vapor. For example, the current 
exploration of the use of arsenic as a 
shallow n-type dopant in MOS devices 
coincides with the availability of suit- 
able ion-implantation equipment. 

A unique feature of ion implantation 
is its ability to introduce impurities 
through a thin oxide. This technique is 
particularly advantageous in adjusting 
the threshold voltage of MOS transis- 
tors. Either /i-type or p-type dopants can 
be implanted through the gate oxide, 
resulting in either a decrease or an in- 
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ION IMPLANTATION is employed to place a precisely controlled amount of dopant (in this 
case boron ions) below the gate oxide of an MOS transistor. By choosing a suitable acceleration 
voltage the ions can be made to just penetrate the gate oxide but not the thicker oxide {lefty 
After the boron ions are implanted polycrystaUine silicon is deposited and patterned to form 
the gate regions of the transistor. A thin layer of the oxide is then removed, and the source 
and drain regions of the transistor are formed by the diffusion of an «-type impurity (right). 



crease of the threshold voltage of thf 
device. Thus by means of the ion-im 
plantation technique it is possible to fab 
ricate several different types of MOi 
transistors on the same wafer. 

The uppermost layers of integral 
circuits are formed by depositinj 
and patterning thin films. The two mos 
important processes for the depositioi 
of thin films are chemical-vapor deposi 
tion and evaporation. The polycrystaJ 
line silicon film in the important silicon 
gate MOS technology is usually lai. 
down by means of chemical-vapor dep 
osition. Silane gas (SiH^ decompose 
when it is heated, releasing silicon an 
hydrogen. Accordingly when the wafer 
are heated in a dilute atmosphere c 
silane, a uniform film of polycrystallin 
silicon slowly forms on the surface. I 
subsequent steps the film is doped, o> 
idized and patterned. 

It is also possible to deposit insulatin 
films such as silicon dioxide or silico 
nitride by means of chemical-vapc 
deposition. If a source of oxygen such t 
carbon dioxide is present during the d< 
composition of silane, silicon dioxic 
is formed. Similarly, silicon nitride 
grown by decomposing silane in tr 
presence of a nitrogen compound sue 
as ammonia. 

Evaporation is perhaps the simple 
method of all for depositing a thin filr 
and it is commonly employed to k 
down the metallic conducting layer 
most integrated circuits. The metall 
charge to be evaporated, usually alurr 
num, is placed in a crucible, and the w 
fers to be coated are placed above t] 
crucible in a movable fixture called 
planetary. During evaporation the w 
fers are rotated in order to ensure t] 
maximum uniformity of the layer. T] 
motion of the planetary also wobbl 
the wafers with respect to the source 
order to obtain a continuous aluminu 
film over the steps and bumps on t 
surface created by the preceding phot 
lithographic steps. After a glass bell j 
is lowered over the planetary devi 
and a high vacuum is established t 
aluminum charge is heated by dirt 
bombardment with high-energy elt 
trons. A pure aluminum film, typica 
about a micrometer thick, is deposit 
on the wafer. 

In the fabrication of a typical larj 
scale integrated circuit there are m< 
thin-film steps than diffusion ste 
Therefore thin-film technology is pro! 
bly more critical to the overall yield a 
performance of the circuits than the c 
fusion and oxidation steps are. In a 
cent development a thin film is even e 
ployed to select the areas on a wafer tl 
are to be oxidized. The compound s 
con nitride has the property that it c 
dizes much more slowly than silicon 
layer of silicon nitride can be vap 
deposited, patterned and used as an c 
dation mask. The surface that result 
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